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The following inquiry is made by Mr. F. I. Smucker, Bureau 
County, Illinois: 
"On a recent visit through Armour's packing house the writer was 
handed the little booklet "Raw Rock Phosphate", which I am sending 
you under separate cover. To read it is not very encouraging to the reader 
as he had just about decided to try about 10 or 15 tons of rock phosphate. 
If it is a good thing why does an establi~hment like Armour's assist in de­
nouncing it?" 
The pamphlet referred to was published ·some six months 
ago by the National Fertilizer Association, reproduced in the 
"American Fertilizer" for August, 1908, and again in part in 
"Armour's Farmer's Almanac" for 1909. Because it deserves to 
be read by every man who has any interest direct or indirect in 
the subject of soil preservation, it is here reprodu"ced in full as 
follows: 
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RAW ROCK PHOSPHATE 
"FLOATS" 
Published by the National Fertilizer Association
For years the raw rock question has cropped out spasmodically, in differ­
ent parts of the world, like the measles or some other affliction.Sometimes it was the result of the recommendation of some imprac­tical theorist who occupied a position that brought him before the farmer
-oftener it was foisted on an unsuspecting farming community by some
one who was either directly or indirectly interested in an off-grade phos­phate mine, and who used his official position to further the interests ofthe rock mine at the expense of the farmer.
But no matter what started its use the result has always been the
same-no benefit derived from its use-a distrust of legitimate fertilizers,
and a distinct set-back to agricultura.l interests which has taken severalyears to overcome.
In the following pages we give you the opinions of foreign experiment
station men as well as those of our own country.
Both statistics and your good common sense tell you that the olderthe state or country the more fertilizers are used and the greater knowl­
edge they have of their use.
The mere fact that in these older communities, both !1broad and inthis country, the use of legitimate fertilizers has increased rapidly fromyear to year for a hundred years conclusively shows their value.The fact that wherever raw rock has been used its use has been aban­doned, shows its worthlessness.
Read what authorities who know have to say on this subject:RESOLUTION, passed by the Association of German Agricultural Ex­periment Stations, in Congress assembled, September 14, 1907, at Dresden,Germany:
"As a result of the extensive advertising which is done by certain parties
advocating the use of RAW PHOSPHATE, the association passed the fol­lowing resolution:
"THE ASSOCIATION HAS CONOLUDED, j1'ROM FERTILIZER EX­PERIMENTS AT HAND WITH RAW PHOSPHATE FERTILIZER,THAT THERE IS SHOWN NO PROFITABLE FERTILIZER EF]'EOT,APART FROM THOSE OF AOID SOIL. IN OONSEQUENOE THERE­OF THE ASSOCIATION FEELS IT SHOULD DISOOURAGE THEUSE O~' RAW PHOSPHATE ON OTHER SOILS."
See 67th volume (5-6) page 329­
"Landwirtschaftlicher Versuchs Station."
The Association of German Agricultural Experiment Stations repre­
sents the highest authority on agricultural matters in Germany, and un­doubtedly the best in the world.
German investigators, particularly Dr. Von Liebig, were the authors
of most of the fundamental principles underlying fertilization and agricul­ture-and it is to them that we largely owe the progress made in this di­
rection.
In view of the well-known thoroughness of German agricultural investi­gators, and the fact that the Association of German Agricultural Experi­
ment Stations is universally regarded as the world's highest authority on 
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such matters, their opinion on the use of RAW PHOSPHATE as a fertil­
izer is of great importance to the American Farmer. 
On account of the high price of land in Germany, intensive farming is 
everywhere practiced. The farmers there must- of necessity-use fertilizer 
containing plant food in available condition. Their selection of fertilizers is 
based on innumerable experiments covering over a hundred years. 
The difference in crop yields per acre in Germany as compared with the 
United States is conclusive evidence of the soundness of their methods of 
fertilization. The average wheat yield per acre in Germany for the ten 
years,1895 to 19M, inclusive, was 27.2 bushels, as compared with 13.4 bushels 
in the United States for the same period. On oats the yield per acre in 
Germany was 46.0 bushels, as compared with 29.2 bushels in the United 
States for the same period. (See pages 671 and 678, "Statistical Matter", 
reprint from Year Book of Department of A-lgriculture for 1905). 
The soils of Germany have been cropped for hundreds of years, while a 
large portion of those in this country are virgin or comparatively fresh. 
, Proper fertilization is the secret of t)he higher yield per acre in Germany. 
If the United States is to maintain its supremacy in agriculture, farmers 
in this country will have to properly fertilize their crops-and they can 
well take heed to the experience of their German brothers in this respect. 
Before using raw rock, therefore, you would do well to ascertain its true 
fertilizing value-the availability of the plant food it is supposed to contain-· 
and especially to consider the decision of the German experimenters after 
years of careful testing. 
From the standpoint of furnishing available plant food RAW ROCK 
PHOSPHATE is not a fertilizer. The report of the twenty-fourth annual 
meeting of the Association of German Agricultural Experiment Stations 
at which the resolution quoted was passed, states that from "real, exact 
experiments", conducted by such authorities as P. Wagner, Tacke, Bottcher, 
Lemmermann and others, "but little fertilizing effect was shown." 
Furth~r experiments made by Czerhati, L. Rey, Clausen and others, led 
to similar results just stated. 
The same report states that, "From the present experiments it can be 
concluded with certainty that the general use of earthy phosphates (RAW 
ROCK PHOSPHATE) cannot be considered as phosphoric acid fertiliza­
tion". Phosphoric acid is the only element thi~ material contains, and if 
IT is NOT available it is useless for fertilizing purposes. 
The experiment station officials of Germany have gone on record 
against the use of RAW ROCK PHOSPHATE in no uncertain tone. Their 
opinion is shared, with but one or two exceptions, by all the experiment 
stations in this country. If THIS material cannot be recommended for 
German soils, where proper fertilization has been studied for so many years, 
is it not folly to attempt its use on the comparatively fresh soils of this 
country? 
, This report also refers to some recent experiments conducted by parties 
endeavoring to promote the sale of raw rock phosphate in Europe. In com­
menting on the so-called tests or experiments, the German report states­
that they "were carried out with but very little exactness". They further 
class these experiments as "entirely unfounded, have been rejected by 
scientific agriculturists, and especially by Wagner, Tacke and Bottcher, in 
a manner not to be misunderstood". 
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The said representations of these promoters are classed as "A very
serious deception", and misleading to the farmers.
The efforts to promote the sale of ·RAW ROCK PHOSPHATE in this
country-in light of the world-wide failure to show any appreciable fertiliz­ing effect-can only be classed, in the language of the German experiment­
ers, as "A very serious deception," and misleading to the farmers.Not alone in Germany have experiments with RAW ROCK PHOS­PHATE proven very unsatisfactory. England has had equally as unsatis­factory results. Prof. F. H. Storer, in volume I of his book "Agriculture"
-in speaking of the value of raw rock phosphate USED IN CONNECTIONWITH MANURE, as compared with superphosphate, says, "This question
would seem to have been answered long ago, in so far as good land is con­
cerned, by the common English practice of using superphosphates".Again, later, in comparing the effects of the same materials for fertil­izing purposes in European countries, he says, "For Europe at least, i. e.for fertile districts, the question has been decided fully long ago and most
emphatically in favor of superphosphate. It has been decided by the long
continued experiments of a multitude of farmers and their conclusion hasbeen plainly expressed by the ever increasing demand for superphosphate".Coming down to our country, we find that experiments with RAWROCK PHOSPHATE-with scarcely any exception- have proven unsatis­factory.
Experiments conducted by the Maine Experiment Station, covering
several years on various crops, designed to show the relative availability ofphosphoric acid as supplied in Acid Phosphate, Floats (Raw Rock Phosphate)
and RedondaPhosphate, were summarized as follows:
"In every case the acid rock (Acid Phosphate) gave the best returns.The gain was especially marked with the family Gramineae, three members
of which (barley, corn and oats) yielded nearly double the amount producedby Floats or Redonda. The effect upon sunflowers and buck-wheat was
equally marked. If we compare the amount of dry matter produced by the
acid rock with that produced by the Floats for all crops grown, we find thebalance in favor of the acid rock to be FIFTY-TWO PERCENT. ' In other
words-the effect of the available phosphoric acid as compared with the in­
soluble phosphate was to increase the product MORE THAN ONE-HALF."The Georgia Experiment Station, commenting in Bulletin No.2, con­
cerning field experiments with phosphates and Kainit applied to cotton,
states: "Of phosphate, .Acid Phosphate appears to lead, slag comes next
and the FLOATS ARE LAST".
A later Georgia bulletin (No. 31) in reviewing a comparison of super­phosphate with Tennessee soft phosphate, states: "Superphosphate in a
complete fertilizer was compared with one, one and a half and two timesthe same amount of Tennessee soft phosphate. The latter (Tennessee softphosphate) was applied in each case at a loss".
In the Annual Massachusetts Experiment Station Report for 1902, co!1­
cerning an experiment with various kinds of phosphates which were appliedin equal amounts of phosphoric acid, there is the following regarding RawRock Phosphates: "Tennessee phosphate and Florida soft phosphate gave
results very much inferior to all the others". This was an experiment on
onions. 
In the Massachusetts annual report for the following year (1903), con­
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cerning the same experiment continued on cabbages, the previous year's re­
sults are confirmed: 
"That Temiessee phosphate and Florida soft phosphate proved very 
much inferior to all others-" 
In Scott County, Indiana, an experiment to determine the relative 
value of Raw Rock Phosphate and Acid Phosphate was started in 1904 and 
continued for four years. Equal values of Rock Phosphate and Acid Phos­
phate were applied in ONE application the first year-corn and wheat al­
ternating. The actual amount of plant food applied was 286 lbs. total 
phosphoric acid in the Rock Phosphate, and 100 lbs. phosphoric acid in the 
Acid Phosphate. There were three plots in the experiment-one fertilized 
with Rock Phosphate, one with Acid Phosphate, one unfertilized. Not­
withstanding the fact that the first year's corn crop was a total failure on 
all plats, the result on wheat showed a gain of fourteen bushels per acre 
with Acid Phosphate as against only nine bushels for the Rock Phosphate 
over the unfertilized plot. The profit per acre in four years from Rock 
Phosphate was $11.55; the profit in four years from Acid Phosphate was 
$13.50. 
In Marion County, Indiana, another experiment for the same purpose 
was started and crops harvested for two years. Only one application of 
fertilizer was made, the entire amount being applied the first season. As 
in Scott County, equal values of Rock Phosphate and Acid Phosphate were 
applied. The results speak for themselves, and they are given in the table 
below as taken from Circular No. 10 of the Indiana Experiment Station. 
The yields are given in bushels per acre: 
Corn Wheat 
Amount Per Acre 
1904 1905 ' 
Unfertilized . ...........• . . , . . . . . . . . . . . .. . ............. 1 20 3 

Rock Phosphate, 1,000 Ibs ............................. 20 6 

Acid Phosphate, 715 lbs .............. ' ............... , 27 16 

The value of the increase per acre, figuring corn at 35 cents and 
wheat at 80 cents per bushel~ on the plat fertilized with Acid 
Phosphate, was ...... . ..................................... , . . . $12 85 
Deducting cost of Acid Phosphate .......... . ........... ' ... 5 00 
~---
Net return on the increase............ . ....................... $ 7 85 
Value of the increase 'with Rock Phosphate...... , $2 40 
Deducting cost of Rock Phosphate ................ , 5 00 
Or a net loss of ............................... , $2 60 per acre 
On the total yields the results were as follows-­
, Unfertilized...... , . . . . . . . . . . . . . . . . .. ............... $ 9 40 per acre 
*Raw 'Rock Phosphate.... ......................... 6 80 per acre 
*Acid Phosphate ............... :........ . .. , ... ,:... 17' 25 per acre 
These figures show that the Rock Phospha'te was applied at a dead loss 
of $2.60 per acre- the unfertilized yield value being $2.60 per acre more 'than 
the Rock Phosphate. The yield with Acid Phosphate was' $7.85 more than 
the UNFERTILIZED, and $10.45 per acre more than the RAW-ROCK 
PHOSPHATE. These results are from experiments primarily ' iirtended to 
show the val ue of the Raw Rock as a fertilizer. They are self-explanatory and 
"'Cost of Rock Phosphate and Acid Phosphate deducted. 
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s h o w  c o n c l u s i v e l y  t h e  F O L L Y  O F  C O N S I D E R I N G  T H I S  M A T E R I A L  A S  
A  F E R r r I L I Z E R .  F u r t h u r ,  t h e s e  r e s u l t s  w e r e  o b t a i n e d  f r o m  1 0 0  p o u n d s  
o f  p h o s p h o r i c  a c i d  i n  A c i d  P h o s p h a t e  a s  c o m p a r e d  w i t h  2 8 6  p o u n d s  i n  r a w  
r o c k  p h o s p h a t e .  
T h e  p r a c t i c a l  f a r m e r ,  i n t e r e s t e d  i n  t h e  p r o p e r  u s e  o f  c o m m e r c i a l  f e r t i l - ­
i z e r s ,  c a n  e a s i l y  f i g u r e - t h a t  w h e r e  A c i d  P h o s p h a t e  g a v e  s u c h  r e m a r k a b l e  
r e t u r n s  o n  e x p e r i m e n t s  c o v e r i n g  a  s e r i e s  o f  y e a r s - i t  w i l l  p a y  h i m  a  h a n d ­
s o m e  p r o f i t  t o  i n v e s t  j u d i c i o u s l y  i n  f e r t i l i z e r s  e v e r y  y e a r  g i v i n g  s u c h  g o o d  
r e t u r n s .  
T e n n e s s e e  h a s  s o m e  o f  t h e  l a r g e s t  p h o s p h a t e  d e p o s i t s  i n  t h e  w o r l d .  I n  
t h i s  s t a t e ,  w h e r e  t h e  v a l u e  o f  p h o s p h a t e  i s  s o  w e l l  u n d e r s t o o d ,  P r o f .  C .  A .  
M o o e r s ,  c h e m i s t  a n d  a g r o n o m i s t  o f  t h e  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  a t  
K n o x v i l l e ,  i n  a  r e c e n t  l e t t e r  t o  T H E  A M E R I C A N  F E R T I L I Z E R ,  h a s  t h e  
f o l l o w i n g  t o  s a y  w i t h  r e g a r d  t o  t h e  u s e  o f  t h i s  m a t e r i a l  i n  i t s  c r u d e  s t a t e :  
" A  b i l l  w a s  i n t r o d u c e d  i n  t h e  L e g i s l a t u r e  j u s t  a d j o u r n e d  t o  a l l o w  t h e  
s a l e  o f  g r o u n d  p h o s p h a t e  r o c k  a s  a  f e r t i l i z e r .  I n  p r e s e n t i n g  t h i s  m a t t e r  t o  
t h e  A g r i c u l t u r a l  C o m m i t t e e  t h e  C o m m i s s i o n e r  o f  A g r i c u l t u r e  a n d  m y s e l f  
t o o k  t h e  p o s i t i o n  t h a t  i t  w o u l d  n o t b e  d e s i r a b l e  t o  t a g ' t h i s  m a t e r i a l ,  a s  t h a t  
w o u l d  t o  a  c e r t a i n  e x t e n t  s t a m p  i t  w i t h  t h e  S t a t e ' s  a p p r o v a l .  . . . . . . . . . . .  .  
O u r  p o s i t i o n  i s  b e t t e r  u n d e r s t o o d  w h e n  i t  i s  c o n s i d e r e d  t h a t  a  v e r y  l a r g e  
p a r t  o f  t h e  f e r t i l i z e r s  u s e d  i n  t h i s  S t a t e  a r e  f o r  w h e a t ,  a n d ,  a s  i s  w e l l  k n o w n ,  
R A W  P H O S P H A T E  R O C K ,  a s  o r d i n a r i l y  u s e d ,  G I V E S  N O  R E T U R N S  
O N  T H I S  C R O P .  O t h e r  l a r g e  a m o u n t s  a r e  u s e d ,  e s p e c i a l l y  i n  W e s t  T e n ­
n e s s e e ,  b y  t h e  t r u c k e r s ,  a n d  f o r  g a r d e n  c r o p s  a l s o  R A W  P H O S P H A T E  
W O U L D  B E  I N A D V I S A B L E .  F e r t i l i z e r s  h a v e  b e e n  u s e d  i n  t h i s  S t a t e  f o r  
m a n y  y e a r s ,  b u t  o u r  f a r m e r s  h a v e  n o t  s t u d i e d  t h e  m a t t e r  t o  a n y  g r e a t  e x ­
t e n t ,  s o  t h a t  m a n y  o f  t h e m  w o u l d  b u y  a  f e r t i l i z e r  j u s t  B E C A U S E  I T  W A S  
C H E A P ,  e s p e c i a l l y  i f  i t  h a d  t h e  S t a t e ' s  t a g  o n  i t .  
" O u r  r e s u l t s  o n  l e g u m i n o u s  c r o p s ,  w h i c h  a r e  s u p p o s e d  t o  b e  b e t t e r  a b l e  
t o  m a k e  u s e  o f  t h e  s o - c a l l e d  i n s o l u b l e  f o r m s  o f  p h a s p h o r i c  a c i d  t h a n  o t h e r s ,  
d o  n o t  w a r r a n t  t h e  g e n e r a l  u s e  o f  R A W  P H O S P H A T E .  I  h a v e  r e c e n t l y  
c o r r e s p o n d e d  w i t h  a  n u m b e r  o f  s t a t i o n  m e n  w h o  a r e  i n t e r e s t e d  i n  t h e  u s e  
o f  f e r t i l i z e r s ,  a n d  I  f i n d  t h a t  t h e  g e n e r a l  o p i n i o n  i s  A G A I N S T  T H E  U S E  
O F  T ' R I S  M A T E R I A L ,  a l t h o u g h  u n d e r  s p e c i a l  c o n d i t i o n s ,  s u c h  a s  a r e  
f o u n d  o n  a  d e c i d e d l y  a c i d  s o i l ,  i t s  u s e  m a y  b e  a d v i s a b l e . "  
T h e  S t a t e  o f  A l a b a m a  i s  o n e  o f  t h e  o l d e s t  o f  t h e  S t a t e s  u s i n g  c o m m e r ­
c i a l  f e r t i l i z e r s .  B u l l e t i n  N o .  2 4 ,  i s s u e d  M a y  1 5 ,  1 9 0 8 ,  c o n t a i n s  a n  a r t i c l e  o n  
" R a w  P h o s p h a t e  R o c k  a s  a  F e r t i l i z e r . "  F o l l o w i n g  a r e  e x t r a c t s  f r o m  t h i s  
a r t i c l e :  
" M a n y  p a r t i e s  h a y e  w r i t t e n  t o  t h i s  o f f i c e  f o r  i n f o r m a t i o n  a s  t o  t h e  r e l ­
a t i v e  f e r t i l i z i n g  v a l u e  o f  t h e  R a w  P h o s p h a t e ,  a s  c o m p a r e d  w i t h  t h e  a c i d u ­
l a t e d  p h o s p h a t e s ,  a n d  t h e  w r i t e r  h a s  i n v a r i a b l y  a d v i s e d  c a u t i o n  i n  t h e  e m ­
p l o y m e n t  o f  t h i s  p a r t i c u l a r  k i n d  o f  p h o s p h a t e .  
" T h e  s a m p l e s  o f  t h i s  m a t e r i a l  w h i c h  h a v e  r e a c h e d  t h i s  l a b o r a t o r y  h a v e  
a l m o s t  i n v a r i a b l y  e x h i b i t e d  a  p o o r  m e c h a n i c a l  c o n d i t i o n ,  t h e  p a r t i c l e s  b e ­
i n g  c o a r s e  a n d  i r r e g u l a r  i n  s i z e .  A s  t h e  f i n e n e s s  o f  d i v i s i o n  o f  t h i s  p h o s ­
p h a t e  h a s  a  m o s t  i m p o r t a n t  i n f l u e n c e  u p o n  i t s  a v a i l a b i l i t y  t o  t h e  p l a n t ,  
p u r c h a s e r s  o f  t h i s  m a t e r i a l  h a v e  b e e n  a d v i s e d  , t o  o n l y  u s e  t h e  r o c k  w h i c h  
h a s  b e e n  p u l v e r i z e d  t o  a  s t a t e  o f  p r a c t i c a l  i m p a l p a b i l i t y ,  t h e  m a t e r i a l  i n  
t h i s  c o n d i t i o n  b e i n g  c o m m o n l y  d e s i g n a t e d  b y  t h e  n a m e  o f  " f l o a t s . "  
" A  t y p i c a l  a n a l y s i s  o f  G h e  R a w  P h o s p h a t e  R o c k  s e n t  t o  t h i s  l a b o r a t o r y  
t h i s  s e a s o n  i s g i v e n  h e r e w i t h :  
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Citrate Sol ubIe Phosphoric Acid. . . . . . . . . . . . . . . . . . . . 0.68 per cent 
Acid Soluble Phosphoric Acid....................... 23.5:) percent

Total Phosphoric Acid .... . ... . .... " ............. . 24.23 per cent 

"It will be noted that nearly all of the phosphoric acid in this phos­
phate is in an insoluble or acid soluble condition, and there IS SCARCELY 
A TRACE OF WATER SOLUBLE PHOSPHORIC ACID TO BE FOUND 
IN THIS RAW PHOSPHATE. 
"With regard to the comparative availability of Raw Phosphate Rock, 
it might be stated that the Experiment Station at Auburn has, duri~g the 
past few years, carried out under its supervision more than one hundred co­
operative soil and crop tests in a great many different localities in the state 
with a view to determining the comparative efficiency of Raw Phosphate 
and Acid Phosphate for fertilizing purposes. These tests have been car­
ried out upon quite a variety of soils, and upon most soils theRAW PHOS­
PHATE HAS FAILED TO GIVE ANYTHING LIKE SO GOOD RE­
SULTS AS THE ACID PHOSPHATE. 
"In the case of Acid Phosphate, the ready solubility of most of the 
phosphoric acid contained therein promotes its rapid and thorough distri­
bution through the top layer of the soil, and hence the plant food is so well 
disseminated that it is brought within easy reach of the root system of the 
plant, whereas in the case of the crude insoluble phosphate the diffusion 
and distribution of the phosphoric acid is necessarily slow, and much of the 
phosphate is left unutilized at the end of the season in which it is applied. 
"For the above reasons IT IS DEEMED INADVISABLE TO EM­
PLOY THE CRUDE PHOSPHATE to any great extent upon any given 
soil until comparative tests of the 'crude rock and acid phosphate have 
been made upon that soil, and, even under these conditions, it will 
probably be found necessary to use much larger amounts of phosphate rock 
than are ordinarily employed to secure a satisfact.ory return from its 
application. " 
While the experience of the German Experiment Stations, combined 
with a majority in this country, show emphatically that Raw Rock Phos­
phate has little or no fertilizing value, in addition the method of applying 
followed by users of this material in this country is MOST EXTRAV A­
GANT AND WASTEFUL. The method followed would soon exhaust the 
known or visible supply of phosphate rock. Further, the enormous 
quantities necessary to apply per acre, instead of being scattered over and 
benefiting millions of acres, would be wasted on comparatively a few. 
On the other hand, this crude material when-properly treated with 
sulphuric acid and converted into Acid Phosphate, to be used either as 
straight Acid Phosphate or in mixed fertilizers, becomes a source of avail­
able plant food of greatest value. Raw Rock Phosphate, as mined and 
sold by certain operators, does not contain plant food immediately avail­
able to growing crops. It is only by proper handling and treatment with 
sulphuric acid that this material is converted into:fertilizer furnishing plant 
food available to various crops and soils. 
Reputable fertilizer manufacturers decry the use of Raw Rock Phos­
phate as a fertilizer, knowing that its use will NOT prove satisfactory, as 
borne out by extensive experiments of the wor~d's best agriculturists. 
They have gone on record ag~inst its use, and any lack of results on the part, 
of those using this material should not vitiate against the use of com­
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m e r c i a l  f e r t i l i z e r s  r i g h t l y  p r e p a r e d ,  f u r n i s h i n g  a v a i l a b l e ,  n o u r i s h i n g  p l a n t  
f o o d  f o r  a l l  c r o p s .  [ S I G N E D ]  
T H E  N A T I O N A L  F E R T I L I Z E R  A S S O O I A T I O N .  
W i t h  t h i s  c o m p l e t e  s t a t e m e n t  b e f o r e  u s ,  I  s h a l l  u n d e r t a k e  t o  
a n s w e r  M r .  S m u c k e r ' s  i n q u i r y  r e f e r r e d  t o  m e  b y  t h e  B r e e d e r ' s  
G a z e t t e .  
T h e  p r i m a r y  p u r p o s e  o f  t h i s  i n q u i r y ,  a s  I  u n d e r s t a n d  i t ,  i s  
f o r  s p e c i f i c  i n f o r m a t i o n  c o n c e r n i n g  t h e  u s e  o f  r a w  r o c k  p h o s p h a t e  
f o r  s o i l  i m p r o v e m e n t ;  a n d  s e c o n d  t o  t h i s  i s  t h e  q u e s t i o n  r e l a t i n g  
t o  t h e  o p p o s i t i o n  t o  i t s  u s e  o f  s u c h  a n  e s t a b l i s h m e n t  a s  A r m o u r ' s .  
F i r s t ,  I  m a y  s a y  t h a t  I  h a v e  n o  f i n a n c i a l  i n t e r e s t ,  d i r e c t  o r  
i n d i r e c t ,  i n  a n y  p h o s p h a t e  e n t e r p r i s e ,  e x c e p t  i n  t h e  u s e  o f  
n a t u r a l  r o c k  p h o s p h a t e  u p p n  m y  o w n  I l l i n o i s  f a r m ;  a n d  f o r  t h i s  
u s e  I  h a v e - p u r c h a s e d  p h o s p h a t e  f r o m  f o u r  d i f f e r e n t  p h o s p h a t e  
c o m p a n i e s .  N o  p h o s p h a ; t e  s t o c k ,  b o n d s ,  o r  c o n t r a c t s ,  d e f i n i t e  o r  
i m p l i e d ,  a r e  o w n e d  o r  c o n t r o l l e d  b y  m e  o r  f o r  m e  i n  a n y  m a n n e r  
w h a t s o e v e r .  ( S e e  I l l i n o i s  C i r c u l a r  N o .  9 7 ,  A u g u s t ,  1 9 0 5 ) .  
T h e  U n i v e r s i t y  o f  I l l i n o i s  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  
t e a c h e s  t h a t  r a w  r o c k  p h o s p h a t e  i s  t h e  m o s t  e c o n o m i c a l  a n d  
p r o f i t a b l e  f o r m  o f  p h o s p h o r u s  t o  u s e  i n  s y s t e m s  o f  p e r m a n e n t  
a g r i c u l t u r e  f o r  m o s t  s o i l s  o f  t h i s  s t a t e .  T h i s  t e a c h i n g  i s  n o t  
b a s e d  u p o n  a n y " m a n ' s  o p i n i o n ,  b u t  u p o n  t h e  e x i s t i n g  f a c t s ,  w h i c h  
a n y o n e  m a y  e x a m i n e  f o r  h i m s e l f .  
W e  r e c o g n i z e  t h e  G e r m a n  A s s o c i a t i o n  o f  A g r i c u l t u r a l  E x ­
p e r i m e n t  S t a t i o n s  a s  h i g h  a u t h o r i t y  a l o n g  m o s t  l i n e s  o f  a g r i ­
c u l t u r a l  i n v e s t i g a t i o n ,  b u t  u n f o r t u n a t e l y  t h e  " f e r t i l i z e r  e x p e r i ­
m e n t s  a t  h a n d  w i t h  : r a w  r o c k  p h o s p h a t e "  i n  G e r m a n y  a r e  
e x t r e m e l y  l i m i t e d ,  a n d ,  w h i l e  t h e  c o n c l u s i o n  d r a w n  b y  t h e  G e r ­
m a n  A s s o c i a t i o n  f r o m  s u c l ; t  e x p e r i m e n t s  a s  h a v e  b e e n  m a d e  i n  
G e r m a n y  w i t h  r a w  r o c k  p h o s p h a t e  m i g h t  b e  j u s t i f i e d ,  t h a t  
A s s o c i a t i o n  h a s  c e r t a i n l y  r a i l e d  t o  r e c o g n i z e  t h e  f a c t  t h a t  t h e  
o n l y  t r u l y  v a l u a b l e  a g r i c u l t u r a l  i n v e s t i g a t i o n s  w i t h  f i n e ·  g r o u n d  
n a t u r a l  p h o s p h a t e  a s  a  s o u r c e  o f  p h o s p h o r u s  h a v e  b e e n  c o n ­
d u c t e d  b y  t h e  E x p e r i m e n t  S t a t i o n s  o f  t h e  U n i t e d  S t a t e s .  A  
c a r e f u l  r e v i e w  o f  E u r o p e a n  a g r i c u l t u r a l  l i t e r a t u r e  f a i l s  - t o  r e v e a l  
a n y  i n v e s t i g a t i o n s  mo~e s a t i s f a c t o r y  t h a n  a  f e w  p o t  c u l t u r e  e x ­
p e r i m e n t s ,  o r  f i e l d  e x p e r i m e n t s  c o v e r i n g  o n e  o r  t w o  y e a r s ,  a n d  
r a r e l y ,  i f  e v e r ,  c o n d u c t e d  i n  w h a t  m u s t  n o w  b e  e o n s i d e r e d  t h e  
o n l y  r a t i o n a l  w a y ,  n a m e l y  b y  p r o v i d i n g  s u f f i c i e n t  d e c a y i n g  
o r g a n i c  m a t t e r  t o  r e n d e r  t h e  p h o s p h a t e  a v a i l a b l e  a s  n e e d e d  b y  
t h e  g r o w i n g  c r o p s .  
T h e  p o s s i b i l i t y  o f  G e r m a n  i n v e s t i g a t o r s  s o m e t i m e s  d r a . w i n g  
i n c o r r e c t  c o n c l u s i o n s  b e c a u s e  o f  i n s u f f i c i e n t  d a t a  i s  w e l l  i l l u s t r a t e d  
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in the discussions concerning the sources of fat ·in the animal body. 
See, for example, pages 231 to 282 of Bulletin 22, Office of Exper­
iment Stations, U. S. Department of Agriculture, "Agdcultural 
Investigations at Rothamsted, England, during .a Period of Fifty 
Years", by Sir J. Henry Gilbert. 
Seven different Experiment Stations in the United States 
have carried on extensive and long continued investigations with 
the use of fine-ground natural rock phosphate. These are Ohio, 
Maryland, Pennsylvania, Maine, Massachusetts, Rhode Island, 
and Illinois. Twelve years' results are reported by the Ohio Sta­
tion, 12 years' by the Pennsylvania Station, 12 years' by the 
Maryland Experiment Station, 11 years' by the Rhode Island Sta­
tion, 14 years' (in two series) by the Maine Station, 21 years' (in 
two series) by the Massachusetts Experiment Station, while the 
Illinois Experiment Station has five years' resuits from a large 
number of experiment fields in ma.ny different sections of the 
state. 
The published reports from anyone of these seven different 
Experiment Stations furnish more information concernjng the 
practical use of raw rock phosphate than is revealed in all Eu­
ropean literature, and it is at least noteworthy that this pamphlet 
•published by the National Fertilizer Association contains abso· 
lutely no mention of the work done by five of these states, and it 
is also noteworthy that the pamphlet fails to tell the whole truth 
concerning the work done by the Experiment Stations from which 
it quotes. 
For example, the quotation from the Maine Experiment Sta­
tion beginning with the statement~ "In every case the acid rock 
(acid phosphate) gave the best returns", is taken from page 72 of 
the 1898 report of the Maine Experiment Station; whereas on page 
57 of the 1900 report of the Maine Experiment Station occurs the 
following statements: 
"For the first year the largest increase of crop was produced by soluble 
phosphoric acid. For the second and third years without further a:ddition 
of fertilizers, better results were obtained from the plots where stable 
manure and insoluble phosphates had been used." 
And on page 58 of the same report is added the following: 
"The phosphoric acid of bone and South Carolina rock was quite freely 
appropriated by oats, peas, and corn." 
As a matter of fact the Maine Station reports two series of 
experiments with different phosphates, one covering a period of 
nine years with all tests in triplicate on twentieth-acre plots 
where equal amounts of phosphorus were compared, and the other 
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f o r  f i v e  y e a r s  o n  2 t - a c r e  p l o t s  w h e r e  e q u a l  m o n e y  v a l u e s  o f  p h o s ­
p h o r u s  w e r e  c o m p a r e d .  I n  t h e  n i n e  y e a r s '  e x p e r i m e n t s  t h e  r a w  
p h o s p h a t e  p r o d u c e d  o n l y  a b o u t  o n e - h a l f  a s  m u c h  i n c r e a s e  a s  t h e  
o t h e r  f o r m s  b u t  a t  l e s s  t h a n  o n e - t h i r d  t h e  c o s t  a n d  w i t h  n o  a d e ­
q u a t e  p r o v i s i o n  f o r  d e c a y i n g  o r g a n i c  m a t t e r ,  w i t h o u t  w h i c h  t h e  
r a w  p h o s p h a t e  i s  n o t  e x p e c t e d  t o  b e c o m e  a v a i l a b l e ,  a  p o i n t  w h i c h  
h a .s  b e e n  e m p h a s i z e d  a g a i n  a n d  a g a i n  e s p e c i a l l y  b y  t h e  I l l i n o i s  
E x p e r i m e n t  S t a t i o n  a n d  b y  t h e  a g r i c u l t u r a l  p r e s s  o f  t h e  c e n t r a l  
w e s t .  
T h u s  t h e  f o l l o w i n g  s t a t e m e n t  h a s  a p p e a r e d  i n  p r i n t  s o  f r e ­
q u e n t l y  t h a t  p e o p l e  w h o  a r e  i n t e r e s t e d  i n  t h e  s u b j e c t  m u s t  a l m o s t  
k n o w  i t  b y  h e a r t :  
" A s  t o  t h e  v a l u e  o f  n o n - a c i d u l a t e d  f i n e l y  g r o u n d  n a t u r a l  r o c k  p h o s p h a t e ,  
I  c o n s i d e r  t h i s  a s  a  m a t e r i a l  w h i c h  g i v e s  g r e a t  p r o m i s e  o f  e x t e n s i v e  u s e  i n  
t h e  e c o n o m i c  a n d  p r o f i t a b l e  i m p r o v e m e n t  o f  p o o r  s o i l s  a n d  i n  t h e  m a i n ­
t e n a n c e  o f  l a r g e  c r o p  y i e l d s  o n  g o o d  s o i l s ,  e s p e c i a l l y  i n  t h e  s t a t e s  t h r o u g h ­
o u t  t h e  g r e a t  c e n t r a l  w e s t .  I t  s h o u l d  b e  d i s t i n c t l y  u n d e r s t o o d , h o w e v e r ,  
t h a t  r e p e a t e d  e x p e r i m e n t s  h a v e  s h o w n  t h a t  t h i s  m a t e r i a l  g i v e s  p r a c t i c a l l y  
n o  i m m e d i a t e  r e t u r n s  i f  u s e d  i n  t h e  a b s e n c e  o f  d e c a y i n g  o r g a n i c  m a t t e r .  
O n  t h e  o t h e r  h a n d ,  w h e n  u s e d  i n  i n t i m a t e  c o n n e c t i o n  w i t h  l i b e r a l  a m o u n t s  
o f  f a r m  m a n u r e  o r  g r e e n  m a n u r e s  o r  b o t h ,  w e  h a v e  c o n c l u s i v e  e v i d e n c e  
t h a t  i t  i s  o n e  o f  t h e  m o s t  e c o n o m i c a l  a n d  p r o f i t a b l e  f o r m s  o f  p h o s p h o r u s ,  
e s p e c i a l l y  w h e r e  t h e  c r o p  r e t u r n s  f o r  a  s e r i e s  o f  y e a r s  a r e  t o  b e  t a k e n  i n t o  .  
a c c o u n t . "  
I n  t h e  o t h e r  s e r i e s  o f  p h o s p h a t e  e x p e r i m e n t s  a t  t h e  M a i n e  
S t a t i o n  t h e  d a t a  s h o w  t h a t  d u r i n g  t h e  f i r s t  t w o  y e a r s  a f t e r  a p p l i ­
c a t i o n  t h e  a c i d  p h o s p h a t e  g a v e  a b o u t  t h e  s a m e  r e s u l t s  a s  t h e  r a w  
p h o s p h a t e ,  b u t  a f t e r w a r d  t h e  r a w  p h o s p h a t e  g a v e  d i s t i n c t l y  b e t t e r  
r e s u l t s  t h a n  t h e  a c i d  p h o s p h a t e .  I n  c o m m e n t i n g  u p o n  t h e s e  r e ­
s u l t s  D o c t o r  J o r d a n ,  t h e n  D i r e c t o r  o f  t h e  M a i n e  S t a t i o n ,  s a i d :  
" W i t h  t h e  e x c e p t i o n  o f  t h e  w h e a t  c r o p  o f  1 8 9 1  t h e  p r o d u c t i o n '  o f  p l o t  2  
( r a w  p h o s p h a t e )  h a s  l a r g e l y  e x c e e d e d  t h a t  o f  p l o t  3  ( a c i d  p h o s p h a t e ) .  
E s p e c i a l l y  i s  t h i s  t r u e  o f  t h e  1 8 9 4  c r o p  a f t e r  t h e  e x h a u s t i v e  e f f e c t  o f  t h r e e  
y e a r s  o f  c r o p p i n g  ' *  *  *  *  T h i s  i s  c e r t a i n l y  o n e  i n s t a n c e  o f  t h e  u n ­
m i s t a k a b l e  i n f l  u e n c e  o f  a  c r u d e  p h o s p h a t e  i n  i n c r e a s i n g  t h e  g r o w t h  o f  a  
f i e l d  c r o p . "  
T h e  t w o  q u o t a t i o n s  f r o m  t h e  M a s s a c h u s e t t s  E x p e r i m e n t  
S t a t i o n  r e l a t i n g  t o  t h e  o n i o n  c r o p  i n  1 9 0 2  a n d  t h e  c a b b a g e  c r o p  
i n  1 9 0 3  h a v e  l i t t l e  o r  n o  b e a r i n g  u p o n  q u e s t i o n s  o f  g e n e r a l  f a r m ­
i n g .  I n  m a r k e t  g a r d e n i n g  v e r y  l a r g e  q u a n t i t i e s  o f  e x p e n s i v e  
f e r t i l i z i n g  m a t e r i a l s  s u p p l y i n g  r e a d i l y  a v a i l a b l e  . p l a n t  f o o d  c a n  
u s u a l l y  b e  u s e d  w i t h  l a r g e  p r o f i t .  M o r e o v e r  m o s t  g a r d e n  c r o p s  
a r e  h i g h l y  d e v e l o p e d  a n d  m a y  b e  c o n s i d e r e d  e x t r e m e l y  a r t i f i c i a l  
p l a n t s ,  a c c u s t o m e d  t o  t h e  r i c h e s t  s o i l ,  w h e r e  i n s t e a d  o f  d e v e l o p ­
i n g  a n y  p o w e r  t o  f o r a g e  f o r  t h e m s e l v e s  t h e y  a r e  i n  a  s e n s e  
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"stuffed" with all of the available plant food they ca~ po~sibly 
utilize. 
The artificial development of these plants is well illustrated 
by the cabbage and the turnip, which are believed by most botan­
ists to have come originally from the same plant, and it is known 
positively that cabbage and cauliflower were derived from the 
same plant. It is notorious that plants of the cabbage family 
have almost no power to secure phosphorus from insoluble phos­
phates. This fact was demonstrated seventy years ago by Sir 
John Lawes at the now famous Rothamsted Experiment Station, 
the oldest in the world. 
But the pamphlet from the Fertilizer Association does not tell 
the whole truth concerning the investigations of the Massachu­
setts Station. The onion crop in 1902 was extremely unsatisfac­
tory. The plots which received no phosphorus whatever varied 
in yield from 26.2 bushels to 195.7 bushels per acre, while the plot 
to which acid phosphate was applied produced only 159.4 bushels. 
Furthermore, onions were also grown in 1901, when the average 
yield from three insoluble phosphates was 197.2 bushels, the high­
est of these three being 235.4 bushels., whereas the average yield 
from three plots treated with different forms of soluble phosphorus 
was 203.5 bushels, and of these three the acid phosphate plot it­
self was the lowest one, yielding only 187.8 bushels, or less than 
the average of the three insoluble phosphates. Furthermore these 
quotations refer to an experiment in which equal amounts of phos­
phorus were applied, altho the phosphorus in acid phosphate cost 
three or four times as much as that in raw phosphate. 
As a matter of fact, the Massachusetts Station has reported 
the results of an experiment extending over eleven years in which 
equal money values of different phosphates were used. _The yields 
of fourteen different crop products are reported from this investi­
gation, including grain, straw, etc. The only phosphates tested 
during the entire period ~ere slag phosphate, guano phosphate, 
South Carolina rock phosphate, and acid bone black (acidulated 
or dissolved bone black). The latest summary of these investi­
gations reported by Doctor Brooks, Director of the Massachusetts 
Station, gives these phosphates the following rank for the entire 
period. 
Slag Phosphate. _.. _.. .. .. .. .. .. .. .. 100.0 
Ground South Carolina Rock. . . . . . . . 92.3 
Dissolved Bone Black. . . . . . . . . . . . . . . 90.7 
Guano Phosphate........ .' .. .. ..... 88.3 
For the later years Doctor ,Brooks ranks them according to 
yield as follows: 
1 2  

S o u t h  C a r o l i n a  R o c k  P h o s p h a t e .  . .  . .  1 0 0 . 0  
S l a g  P h o s p h a t e .  . . . . .  . . . . . . . . . . . .  9 9 . 0  

D i s s o l v e d  B o n e  B l a c k .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9 7 . 7  
G u a n o  P h o s p h a t e  . .  .  .  .  . . . . . . . . . . . .  9 5 . 4  

N o  P h o s p h a t e  . . . . . . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  5 5 . 4  

I n  c o m m e n t i n g  u p o n  t h e s e  experiment~ D o c t o r  B r o o k s  s a y s :  
" T h e  f o l l o w i n g  c o n c l u s i o n s  a p p e a r  t o  b e  j u s t i f i e d  b y  t h e  r e s u l t s  w h i c h  
w e  h a v e  o b t a i n e d :  
" I t  i s  p o s s i b l e  t o  p r o d u c e  p r o f i t a b l e  c r o p s  o f  m o s t  k i n d s  b y  l i b e r a l  u s e  
o f  n a t u r a l  p h o s p h a t e s ,  a n d  i n  a  l o n g  s e r i e s  o f  y e a r s  t h e r e  m i g h t  b e  a  c o n ­
s i d e r a b l e  m o n e y  s a v i n g  i n  d e p e n d i n g  a t  l e a s t  i n  p a r t  u p o n  t h e s e ,  r a t h e r  
t h a n  u p o n  t h e  h i g h e r  p r i c e d  d i s s o l v e d  p h o s p h a t e s . "  
" B e t w e e n  g r o u n d  S o u t h  C a r o l i n a  r o c k ,  m o n o  g u a n o ,  a n d  t h e  p h o s p h a t i c  
s l a g ,  t h e r e  i s  n o  c o n s i d e r a b l e  d i f f e r e n c e  i n  t h e  e c o n o m i c a l  r e s u l t " .  
T h e  t w o  i n v e s t i g a t i o n s  b y  t h e  G e o r g i a  E x p e r i m e n t  S t a t i o n  
r e f e r r e d  t o  i n  t h e  F e r t i l i z e r  A s s o c i a t i o n ' s  p a m p h l e t  a r e  e a c h  t h e  
r e s u l t  o f  a  s i n g l e  y e a r ' s  e x p e r i m e n t  a n d  w i t h  n o  a d e q u a t e  p r o v i ­
s i o n  f o r  d e c a y i n g  o r g a n i c  m a t t e r ,  a n d  h e n c e ,  l i k e  s o m e  o f  t h e  
G e r m a n  e x p e r i m e n t s ,  h a v e  p r a c t i c a l l y  n o  v a l u e  a s  e v i d e n c e  i n  r e ­
l a t i o n  t o  p e r m a n e n t  s y s t e m s  o f  s o i l  i m p r o v e m e n t .  I t  s h o u l d  a l ­
w a y s  b e  k e p t  i n  m i n d  t h a t  a  q u o t a t i o n  t a k e n  f r o m  i t s  c o n n e c t i o n  
m a y  b e  v e r y  m i s l e a d i n g .  T h u s  a n  E x p e r i m e n t  S t a t i o n  b u l l e t i n  
m a y  c o n t a i n  a  s t a t e m e n t  t h a t  r a w  p h o s p h a t e  w a s  v e r y  i n e f f i c i e n t  
a s  a  s o u r c e  o f  p h o s p h o r u s ,  w h i c h  m i g h t  p e r h a p s  r e f e r  o n l y  t o  a  
c r o p  o f  c a b b a g e  g r o w n  i n  a  p o o r  y e a r  a n d  o n  s o i l  c o n t a i n i n g  n o  
a d e q u a t e  s u p p l y  o f  o r g a n i c  m a t t e r ;  b u t  t o  t a k e  s u c h  a  s t a t e m e n t  
f r o m  i t s  l i m i t e d  c o n n e c t i o n  a n d  m a k e  i t  a p p e a r  a s  t h e  f i n a l  c o n ­
c l u s i o n  o f  t h e  E x p e r i m e n t  S t a t i o n  c o n c e r n i n g  t h e  u s e  o f  r a w  
p h o s p h a t e  w o u l d  v e r y  p o s s i b l y  m i s - l e a d .  
T h e  e x p e r i m e n t  r e p o r t e d  f r o m  S c o t t  c o u n t y ,  I n d i a n a ,  h a s  
s o m e  m e a n i n g ,  b e c a u s e  t h e r e  w a s  n e a r l y  ,a s  l a r g e  a n  i n v e s t m e n t  
i n  t h e  r a w  r o c k  a s  i n  t h e  a c i d  p h o s p h a t e  a n d  t h e  e x p e r i m e n t  h a s  
b e e n  c o n t i n u e d  f o r  f o u r  y e a r s ;  a n d  a  p r o f i t  f r o m  t h e  r a w  r o c k  o f  
$ 1 1 . 5 5  p e r  a c r e  i n  f o u r  y e a r s  i s  s u r e l y  q V i t e  s a t i s f a c t o r y  c o m p a r e d  
w i t h  $ 1 3 . 5 0  f r o m  t h e  a c i d  p h o s p h a t e ,  w h e n  w e  c o n s i d e r  t h a t  a b o u t  
t w o - t h i r d s  o f  t h e  r a w  r o c k  p h o s p h a t e  w i l l  r e m a i n  i n  t h e  s o i l  a f t e r  
t h e  a c i d  p h o s p h a t e  i s  c o m p l e t e l y  e x h a u s t e d ,  a n d  a l s o  c o n s i d e r i n g  
t h a t  t h e r e  w a s  o n e  c r o p  f a i l u r e  d u r i n g  t h e  f o u r  y e a r s .  T h e  w h o l e  
t r u t h  c o n c e r n i n g  t h i s  e x p e r i m e n t  i s  n o t  r e p o r t e d ,  h o w e v e r ,  i n  t h e  
F e r t i l i z e r  A s s o c i a t i o n ' s  p a m p h l e t .  T h e  f a c t  i s  t h a t t h e  y i e l d  f r o m  
a c i d  p h o s p h a t e  e x c e e d e d  t h a t  f r o m  r a w  p h o s p h a t e  o n l y  i n  t h e  f i r s t  
w h e a t  c r o p ,  w h i l e  i n  t h e  f o l l o w i n g  c o r n  c r o p  t h e  r a w  p h o s p h a t e  
p r o d u c e d  a  g r e a t e r  y i e l d  b y  5  b u s h e l s ,  a n d  a l s o  2  b u s h e l s  m o r e  
w h e a t  i n  t h e  s u c c e e d i n g  y e a r .  
R e f e r r i n g  t o  t h i s  e x p e r i m e n t  D i r e c t o r  G o s s ,  o f  t h e  I n d i a n a  E x ­
p e r i m e n t  S t a t i o n ,  s a y s  ( I n d i a n a  c i r c u l a r  N o .  1 0 ,  p a g e  1 1 ) :  
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"It will be seen that during the first and second years the rock phos­
phate produced little effect in either experiment (Marion county and Scott 
county), while the acid phosphate very materially increased the yields in 
both cases. During the third and fourth seasons, however, the rock pro­
duced very striking results in the Scott county experiment, even forging 
ahead of the acid. 
"This and very similar investigations in progress lead us to believe that 
rock phosphate is a cheap and effective source of phosphorus where immedi­
ate returns are not req uired. Its use should be considered more in the na­
ture of an investment than as a means of securing results in a single sea­
son, for which purpose it would undoubtedly prove disappointing. For 
quick returns, acid phosphate or some other readily available form should 
be used." 
The experiment reported for Marion county, Indiana, has but 
little significance because only two yearS' results are given, and 
it is questionable whether this experiment deserves the expanded 
discussion occupying one and one-half pages in the Fertilizer As­
sociation's pamphlet. 
I do not know what is meant by bulletin No. 24, issued May 
15, 1908, by the State of Alabama but I do know that it is not bul­
letin 24 of the Alabama Agricultural Experiment Station, and I 
also know that Director Duggar, of the Alabama Station, advises 
the use of raw rock phosphate under proper conditions. 
The quotation from Professor Mooers, of Tennessee, refers 
especially to the fertilizers used by the truckers for garden crops 
and to those used on wheat for immediate effect. Neither the 
Alabama or the Tennessee Station have reported any long con­
tinued investigations with the use of raw rock phosphate. 
After twelve years' experiments with different forms of phos­
phorus at the Maryland Station, Director Patterson makes the 
following statements (Maryland bulletin 114): 
" The results obtained with the insoluble phosphates has cost usually 
less than one-half as much as that with the soluble phosphates. 
"The results show decidedly that plants are able to use insoluble phos­
phates. 
"The use of an abundance of organic matter in the soil when insoluble 
phosphates are applied was evidently a necessity for their best effects. 
"Insoluble South Carolina phosphate rock produced a higher total av­
erage yield than dissolved Sout h Carolina rock." 
The Pennsylvania Experiment Station has reported results of 
an experiment extending over twelve years in whiQh four different 
kinds of phosphorus were used in a four-year rotation of corn, 
oats, wheat, and hay (timothy and clover); and at the end of the 
twelve years the following comments concerning these experiments 
were made by the Pennsylvania Station (annual report for 1895, 
page 210); 
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" T h e  y e a r l y  a v e r a g e  f o r  t h e  t w e l v e  y e a r s  g i v e s  u s  a  g a i n  p e r  y e a r  o f  
$ 2 . 8 3  f r o m  i n s o l u b l e  p h o s p h o r i c  a c i d  ( g r o u n d  b o n e ) ,  $ 2 . 4 5  f r o m  i n s o l u b l e  
p h o s p h o r i c  a c i d  ( S o u t h  C a r o l i n a  r o c k ) ,  $ 1 . 6 1  f r o m  r e v e r t e d  p h o s p h o r i c  a c i d ,  
a n d  $ . 4 8  f r o m  s o l u b l e  p h o s p h o r i c  a c i d ,  t h u s  g i v i n g  u s  c o n s i d e r a b l y  b e t t e r  
r e s u l t s  f r o m  t h e  t w o  f o r m s  o f  i n s o l u b l e  p h o s p h a t e  t h a n  f r o m  t h e  r e v e r t e d  
o r  s o l u b l e  f o r m s ,  t h u s  i n d i c a t i n g  t h a t  t h e  i n s o l u b l e  p h o s p h a t e  i s  o f  m o r e  
v a l u e  a s  a  m a n u r e  t h a n  i s  u s u a l l y  s u p p o s e d  a n d  t h a t  i t  I s  w o r t h y  o f  m o r e  
a t t e n t i o n  t h a n  h a s  b e e n  g i v e n  t o  i t  i n  t h e  p a s t . "  
D u r i n g  t h e  l a s t  f o u r  y e a r s  o f  t h e s e  e x p e r i m e n t s  t h e  d i s s o l v e d  
b o n e  b l a c k  i n c r e a s e d  t h e  y i e l d  o f  c o r n  b y  7 . 9  b u s h e l s ,  t h e  y i e l d  o f  
o a t s  b y  2 . 8  b u s h e l s ,  a n d  t h e  y i e l d  o f  h a y  b y  . 1 2  t o n  p e r  a c r e ,  
w h i l e  t h e  y i e l d  o f  w h e a t  w a s  a c t u a l l y  d e c r e a s e d  1 . 2  b u s h e l s  p e r  
a c r e .  D u r i n g  t h e  s a m e  t i m e  t h e  r a w  r o c k  p h o s p h a t e  i n c r e a s e d  
t h e  y i e l d  o f  c o r n  b y  8 . 6  b u s h e l s ,  t h e  y i e l d  o f  o a t s  b y  8 . 4  b u s h e l s ,  
t h e  y i e l d  o f  w h e a t  b y  8 . 4  b u s h e l s ,  a n d  t h e  y i e l d  o f  c l o v e r  b y  . 2 0  
t o n ,  t h u s  s h o w i n g  g r e a t e r  g a i n  w i t h  e v e r y  c r o p  f r o m  t h e  u s e  o f  
t h e  r a w  r o c k .  W h i l e  t h e  P e n n s y l v a n i a  S t a t i o n  u s e d  a  g o o d  r o ­
t a t i o n  i t  c o u l d  n o t  b e  e x p e c t e d  t o  p r o d u c e  a s  s a t i s f a c t o r y  r e s u l t s  
a s  w o u l d  h a v e  b e e n  s e c u r e d  w i t h  m o r e  a d e q u a t e  p r o v i s i o n  f o r  d e ­
c a y i n g  o r g a n i c  m a t t e r .  
T h e  R h o d e  I s l a n d  E x p e r i m e n t  S t a t i o n  h a s  r e p o r t e d  e l e v e n  
y e a r s '  r e s u l t s  w i t h  a  v a r i e t y  o f  c r o p s ,  i n c l u d i n g  s e v e r a l  g a r d e n  
c r o p s .  I n  c o m m e n t i n g  u p o n  t h e s e  e x p e r i m e n t s ,  D i r e c t o r  W h e e l e r  
m a k e s  t h e  f o l l o w i n g  s t a t e m e n t s  i n  R h o d e  I s l a n d  b u l l e t i n  1 1 4 :  
" W i t h  t h e  p e a ,  o a t ,  s u m m e r  s q u a s h ,  c r i m s o n  c l o v e r ,  J a p a n e s e  m i l l e t  
( o n  t h e  u n l i m e d  l a n d ) ,  g o l d e n  m i l l e t ,  w h i t e  p o d d e d  A d z u k a  b e a n ,  s o y b e a n ,  
a n d  p o t a t o  ( o n  t h e  u n l i m e d  l a n d ) ,  f l o a t s  g a v e  v e r y  g o o d  r e s u l t s ;  b u t  w i t h  
t h e  f l a t  t u r n i p ,  t a b l e  b e e t ,  a n d  c a b b a g e  t h e y  w e r e  r e l a t i v e l y  v e r y  i n e f f i c i e n t . "  .  
" T h e  u s e  o f  f i n e - g r o u n d  b o n e ,  b a s i c  s l a g  m e a l ,  a n d  f l o a t s  h a s  t e n d e d  
c o n t i n u a l l y  t o  m a k e  t h e  u n l i m e d  l a n d s  m o r e  f a v o r a b l e  t o  c l o v e r ,  a s  i s  w e l l  
s h o w n  b y  i t s  a p p e a r a n c e  o n l y  u p o n  t h o s e  p l o t s  o f  t h e  u n l i m e d  s e r i e s  w h e r e  
t h e s e  p h o s p h a t e s  h a d  b e e n  u s e d ,  w h i l e  i t  w a s  a b s o l u t e l y  l a c k i n g  w h e r e  t h e  
r a w  a n d  r o a s t e d  R e d o n d i t e  a n d  t h e  s o l u b l e  p h o s p h a t e s  h a d  b e e n  a p p l i e d . "  
" F l o a t s  c a n  p r o b a b l y  b e  u s e d  t o  b e s t  a d v a n t a g e  o n  m o i s t  s o i l  r i c h  i n  
d e c a y i n g  v e g e t a b l e  m a t t e r  a n d  f o r  s u c h  c r o p s  a s  c e r t a i n  l e g u m e s ,  I n d i a n  
c o r n ,  m i l l e t ,  a n d  p o s s i b l y  w h e a t  a n d  o a t s ,  w h i c h  s e e m  f a r  b e t t e r  a b l e  t o  
m a k e  U H e  o f  t h e m  t h a n  c e r t a i n  v e g e t a b l e s . "  
A n d  a g a i n  i n  R h o d e  I s l a n d  b u l l e t i n  1 1 8  t h e  f o l l o w i n g  s t a t e ­
m e n t s  a r e  m a d e :  
" F l o a t s  g a v e  v e r y  g o o d  r e s u l t s  f r o m  t h e  s o y b e a n ,  p e a s ,  c r i m s o n  c l o v e r ,  
m a n g e l - w u r z e l  ( o n  l i m e d  l a n d ) ,  b a r l e y  ( o n  l i m e d  l a n d ) ,  p o t a t o  ( o n  u n l i m e d  
l a n d ) ,  J a p a n e s e  m i l l e t ,  o a t ,  a n d  g o l d e n  m i l l e t ,  b u t  t h e y  p r o v e d  h i g h l y  i n ­
e f f i c i e n t  e s p e c i a l l y  f o r  H u b b a r d  s q u a s h ,  r u t a - b a g a ,  c r o o k - n e c k  s q u a s h ,  f l a t  
t u r n i p ,  c a b b a g e ,  m a n g e l - w u r z e l  ( o n  a c i d  u n l i m e d  l a n d ) ,  t o m a t o ,  l e t t u c e ,  
N e w  Z e a l a n d  s p i n a c h ,  a n d  r e d  V a l e n t i n e  b e a n . "  
T h e s e  s t a t e m e n t s  d r a w n  f r o m  t h e  d a t a  p u b l i s h e d  s h o w  t h a t  
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good results have been obtained from the use of raw rock phos­

phate at the Rhode Island Station for most of the ordinary gen­

eral farm crops, while it has little value for most of the g~rden 

plants, particularly tor those of the cabbage family. If we add 

together the total yields of grain and hay secured during the de­

cade following the first year of the experiment at the Rhode 

Island Station we have the following results on unlimed land: 

Soil Treatment .... . ...No Phosphate Raw Phosphate Acid Phosphate 

Pounds per acre . . . .. 8,310 22,890 22,860 
These yields include the oats grain for 1895, ear corn for 1900, 
and soybeans (yield of seed only reported) for 1902, the yields of 
timothy and clover hay for the four years, 1896 to 1899, and the 
yield of oat hay for 1904. In 1901 and 1903 the plots were plant­
ed mostly in garden vegetables. . 
The corresponding figures for the Hmed plots are as follows: 
Soil Treatment ........No J?hosphate Raw Phosphate Acid Phosphate 
Pounds per acre.. . . .. . . 27,470 35,340 37,000 
It will be seen that on the unlimed land the ·raw phosphate 
produced slightly better results than"the acid phosphate, while 
on the limed land the acid phosphate produced 20 percent greater 
increase than the raw phosphate. These experiments were start­
ed with a comparison of equal money values of the different forms 
of phosphorus but were afterward changed to a comparIson of 
equal amounts of phosphorus, so that before the close of the ten­
year period from three to four times as much money had been 
invested in the acid phosphate as in the raw rock. 
The experiments from Maine, from Massachusetts, from 
Maryland, from Rhode Island, and from Pennsylvania are certainly 
sufficient to show that fine -ground natural rock phosphate is a more 
economical source of phosphorus than acid phosphate for use in 
general farming in definite systems of soil improvement, altho if 
one's interests are limited to the first crop I should certainly advise 
him to use acid phosphate rather than the raw rock; and on soils 
very deficient in decaying organic matter I always advise the use 
of steamed bone meal or acid phosphate in preference to ·raw 
rock phosphate. 
. The fact should be emphasized that even tho these long con- · 
tinued experiments on different soils and in different states have 
given positive information they have not been conducted in a way 
to bring out the best results from the raw rock phosphate, be­
cause practically no provision was made for supplying decaying 
organic matter other than what was unavoidably left in the roots 
and stubble of the crops grown, aside from the work in Maryland 
where a few catch crops of crimson clover were plowed under. 
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O f  g r e a t e r  v a l u e  t o  I l l i n o i s  a g r i c u l t u r e  p e r h a p s  t h a n  a l l  o f  
t h e  w o r k  d o n e  i n  t h e  f i v e  s t a t e s  m e n t i o n e d  a r e  t h e  i n v e s t i g a t i o n s  
o f  th~ O h i o  E x p e r i m e n t  S t a t i o n ,  w h i c h  c o v e r  t w e l v e  y e a r s  o f  u n ­
d o u b t e d l y  a s  carefu~ f i e l d  e x p e r i m e n t a t i o n  a s  h a s  e v e r  b e e n  c o n ­
d u c t e d .  I n  t h e s e  i n v e s t i g a t i o n s  t h r e e  d i f f e r e n t  a n d  e n t i r e l y  d i s ­
t i n c t  : f i e l d s  a r e  u s e d  a n d  i n  e a c h  f i e l d  a  d o u b l e  c o m p a r i s o n  h a s  
b e e n  m a d e  b e t w e e n  r a w  r o c k  p h o s p h a t e  a n d  a c i d  p h o s p h a t e .  A  
t h r e e - y e a r  r o t a t i o n  i s  p r a c t i c e d ,  c o n s i s t i n g  o f  c o r n  t h e  f i r s t  y e a r ,  
w~eat w i t h  c l o v e r  s e e d i n g  t h e  s e c o n d  y e a r ,  a n d  t h e  r e g u l a r  c l o v e r  
c r o p  t h e  t h i r d  y e a r ,  t h e s e  c r o p s  b e i n g  r o t a t e d  s o  t h a t  ev~ry c r o p  
i s  r e p r e s e n t e d  e v e r y  y e a r .  
I n  e a c h  f i e l d  t h e r e  a r e  t w o  p l o t s  t h a t  a r e  t r e a t e d  w i t h  m a n u r e  
a l o n e  w h i c h  i s  a p p l i e d  t o  t h e  c l o v e r  s o d  a t  t h e  r a t e  o f  8  t o n s  p e r  
a c r e  a n d  p l o w e d  u n d e r  f o r  c o r n ,  n o  f u r t h e r  a p p l i c a t i o n  b e i n g  m a d e  
f o r  t h e  w h e a t  o r  c l o v e r .  T h e r e  a r e  t w o  oth~r p l o t s  i n  e a c h  f i e l d  
t r e a t e d  w i t h  t h e  s a m e  k i n d  a n d  a m o u n t  o f  m a n u r e  t o  w h i c h  h a s  
b e e n  a d d e d  4 0  p o u n d s  o f  r a w  r o c k  p h o s p h a t e  w i t h  e a c h  t o n  o f  m a ­
n u r e ,  a n d  t h e r e  a r e  s t i l l  t w o  o t h e r  p l o t s  o n  w h i c h ,  l i k e w i s e ,  t h e  
s a m e  q u a n t i t y  a n d  k i n d  o f  m a n u r e  i s  u s e d  t o  e a c h  t o n  o f  w h i c h  i s  
a d d e d  4 0  p o u n d s  o f  a c i d  p h o s p h a t e .  
T h e  f o l l o w i n g  t a b u l a r  s t a t e m e n t  g i v e s  t h e  a v e r a g e  o f  a l l  o f  
t h e  y i e l d s  o b t "a i n e d  d u r i n g  t h e  1 2  y , e a r s  f o r  e a c h  f i e l d .  
O H I O  E X P E R I M E N T S  W I T H  M A N U R E ,  R A W  R O C K  P H O S P H A T E ,  A N D  A C I D  
P H O S P H A T E  
A v e r a g e  o f  T w e l v e  Y e a r s ,  W i t h  D u p l i c a t e  T e s t s  O n  E a c h  F i e l d .  
S o i l  T r e a t m e n t .  I F i e l d  A  I F i e l d  B  I ] ' i e l d  C  I A v e r a g e  
C o r n ,  b u s h e l s  p e r  a c r e  
M a n u r e  a l o n e . . . . . . . . . . . . . . . . . . . . . .  4 7 . 2  6 3  . 6  
5 3 . 3  
5
4 . 7  

M a n u r e  a n d  r o c k  p h o s p h a t e . . . . . . . .  5 6 . 4  6 9 . 5  
5 8 . 2  
f j  
1 . 4  

M a n u r e  a n d  a c i d  p h o s p h a t e . . . . . . . .  5 4 . 6  
7 0 . 8  6 2 . 0  
f j  
3 . 1  

W h e a t ,  b u s h e l s  p e r  a c r e  .  
M a n u r e  a l o n e .  .  .  .  .  .  .  .  .  .  .  . .  .  . . . . . . .  
2 0 . 4  
2 1 . 7  
1 7 . 2  
1 9 . 8  

M a n u r e  a n d  r o c k  p h o s p h a t e  . . . . . . . .  
'  2 3 . 4  
3 0 . 4  2 4 . 6  
2 6 . 1  

M a n u r e  a n d  a c i d  p h o s p h a t e . . . . . . . .  2 3 . 8  
2 9 . 4  
2 5 . 1  2 6 . 1  

C l o v e r  h a y ,  t o n s  p e r  a c r e  
M a n u r e  a l o n e  . . . . . . . . . . . . . . . . . .  . . .  ' 1  1 . 9 9  
1 . 3 4  
. 8 3  1 . 3 9  

M a n u r e  a n d  r o c k  p h o s p h a t e . .  .  . . . . .  2 . 4 7  
1 . 9 0  
1 . 7 9  
2 . 0 5  

M a n u r e  a n d  a c i d  p h o s p h a t e . . . . .  . .  "  2 . 2 3  
1 . 7 6  
1 . 9 2  
1 . 9 7  
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The first column of figures in the table gives, first the aver­
age yield of corn from the two plots treated with manure alone 
on field A (47.2 bushels), next in the same column the average 
yield of corn from the two plots treated with manure and raw rock 
phosphate on field A (56.4 bushels) and next in the same column 
the average yield of corn from the two plots treated with manure 
and acid phosphate on field A (54.6 bushels). Following these 
are reported the corresponding yields for wheat and for clover. 
In the ne*t column are given the complete data for field B, and · 
in the next column are likewise the complete data from field 0, 
and in the last column are reported the .averages .for the three 
fields. 
It will be seen that, as an average of all the data from the 
twelve years' experiments, the increase from the raw rock phos­
phate has been practically identical with that from the acid phos­
phate, while the cost of treatment was twice as great with the 
acid phosphate as with the raw rock. Furthermore, twice 'as 
much phosphorus has been applied in the applications of raw 
rock as in the applications of acid phosphate, so that at the close 
of the twelve years the raw phosphate plots still contain as much 
applied phosphorus as the total application made in the acid phos­
phate. It will be observed that in case of the clover crop, which 
has power to secure nitrogen from the air, or should have if the 
soil contains plenty of lime, the rock phosphate has produced 
distinctly better results than the acid phosphate, the average dif­
ference amounting to .08 of a ton per acre, or 64 cents' worth of 
hay at $8.00 per ton. 
Fine-ground natural rock phosphate, carFying 12 to 12! per­
cent of the element phosphorus (corresponding to 60 to 62! per­
. cent of so-called bone phosphate of lime), can be purchased from 

various mine owners in the Mt. Pleasant and Oenterville districts 

of Tennessee for $3.50 to $4.50 per ton, and the freight rate from 

Mt. Pleasant or Centerville to central Illinois is $3.03 per ton of 

2,000 pounds. Acid phosphate (with 7 percent phosphorus) will 

commonly cost from $15 to $18 per ton delivered in central Illinois. 

Aside from all of the investigations reported from the six 
states mentioned, the Illinois Experiment Station has conducted 
extensive experiments with the use of raw rock phosphate on 
several separate experiment fields in different counties thru­
out the Illinois corn belt. These experiments have been in pro­
gress only five or six years but they are being conducted along 
lines of practical soil improvement, the nitrogen and humus be­
ing supplied by the use of clover and other legume crops and in 
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s o m e  i n s t a n c e s  b y  a p p l i c a t i o n s  o f  f a r m  m a n u r e .  I n  a l l  c a s e s  t h e  
s a m e  s y s t e m s  a r e  p r a c t i c e d  b o t h  w i t h o u t  p h o s p h a t e  a n d  w i t h  
p h o s p h a t e ,  s o  t h a t  t h e r e  i s  a l w a y s  a  d i r e c t  c o m p a r i s o n  s h o w i n g  
t h e  i n f l u e n c e  u p o n  c r o p  y i e l d s  o f  t h e  p h o s p h a t e  a p p l i e d .  
T h u s  f a r  t h e  r e s u l t s  s e c u r e d  i n  t h e  I l l i n o i s  i n v e s t i g a t i o n s  a r e  
e n t i r e l y  i n  h a r m o n y  w i t h  t h o s e  r e p o r t e d  b y  t h e  O h i o  E x p e r i m e n t  
S t a t i o n .  B u t  l i t t l e  e f f e c t  i s  p r o d u c e d  b y  t h e  r a w  r o c k  d u r i n g  t h e  
f i r s t  y e a r  o r  t w o ,  b u t  w h e r e  i t  i s  u s e d  l i b e r a l l y  i t  u s u a l l y  p a y s  f o r  
i t s e l f  d u r i n g  t h e  f i r s t  r o t a t i o n ,  e v e n  t h o u g h  t h r e e - f o u r t h s  o f  t h e  
p h o s p h o r u s '  a p p l j e d  r e m a i n s  i n  t h e  s o i l  f o r  t h e  b e n e f i t  o f  f u t u r e  
c r o p s  a n d  f o r  t h e  d e f i n i t e  e n r i c h m e n t  o f  t h e  l a n g . .  F o r  e x a m p l e ,  
a s  a n  a v e r a g e  o f  3 2  d i s t i n c t  a n d  e n t i r e l y  s e p a r a t e  t e s t s  c o n d u c t e d  
o n  e i g h t  d i f f e r e n t  f i e l d s  i n  s i x  d i f f e r e n t  c o u n t i e s ,  t h e  a v e r a g e  y i e l d  
o f  c o r n  i n  1 9 0 8  w a s  i n c r e a s e d  9  b u s h e l s  p e r  a c r e  w h e r e  r a w  r o c k  
p h o s p h a t e  h a s  b e e n  u s e d  d u r i n g  t h e  p r e v i o u s  f o u r  o r  f i v e  y e a r s .  
M r .  S m u e k e r  a s k s :  
" I f  i t  i s  a  g o o d  t h i n g ,  w h y  d o e s  a n  e s t a b l i s h m e n t  l i k e  A r m o u r ' s  a s s i s t  
i n  d e n o u n c i n g  i t ? "  
T h e r e  a r e  p e r h a p s  f o u r  r e a s o n s  t h a t  m i g h t  b e  g i v e n  i n  
a n s w e r  t o  t h i s  q u e s t i o n .  
1 .  T h e r e  i s  p r o b a b l y  m o r e  p r o f i t  t o  t h e  f e r t i l i z e r  m a n u f a c ­
t u r e r  a n d  d e a l e r  i n  t h e  $ 3 0  r e c e i v e d  f r o m  t h e  s a l e  o f  t w o  t o n s  o f  
a c i d  p h o s p h a t e  ( m a d e  f r o m  o n e  t o n  o f  r a w  r o c k  a n d  o n e  t o n  o f  
s u l f u r i c  a c i d ) ,  a n d  s t i l l  m o r e  p r o f i t  i n  p e r h a p s  $ 8 0  r e c e i v e d  f r o m  
t h e  s a l e  o f  f o u r  t o n s  o f  c o m p l e t e  f e r t i l i z e r  ( m a d e  f r o m  t w o  t o n s  o f  
a c i d  p h o s p h a t e  a n d  t w o  t o n s  o f  f i l l e r ,  c o n t a i n i n g  s m a l l  a m o u n t s  o f  
n i t r o g e n  a n d  p o t a s s i u m ) ,  t h a n  t h e r e  w o u l d  b e  i n  $ 6  o r  $ 8  f r o m  
o n e  t o n  o f  f i n e - g r o u n d  n a t u r a l  r o c k  p h o s p h a t e ,  c a r r y i n g  t h e  s a m e  
a m o u n t  o f  p h o s p h o r u s .  
T h a t  i s  t o  s a y ,  o n e  t o n  o f  r a w  r o c k  p h o s p h a t e  f u r n i s h e s  a l l  
o f  t h e  p h o s p h o r u s  c o n t a i n e d  i n  a b o u t  t w o  t o n s  o f  a c i d  p h o s p h a t e  
o r  i n  f o u r  t o n s  o f  t h e  m o s t  c o m m o n  " c o m p l e t e " f e r t i l i z e r ,  f o r  
w h i c h  t h e  l o c a l  p r i c e  c h a r g e d  b y  I l l i n o i s  d e a l e r s  a v e r a g e s  $ 2 3  
p e r  t o n .  
2 .  I t  i s  p r o b a b l e  t h a t  s o m e  o f  t h e  m a n u f a c t u r e r s  a n d  d e a l e r s  
i n  a c i d  p h o s p h a t e  a n d  c o m p l e t e  f e r t i l i z e r s  b e l i e v e  t h a t  r a w  r o c k  
p h o s p h a t e  i s  p r a c t i c a l l y  w o r t h l e s s  f o r  u s e  a s  a  f e r t i l i z e r ;  a n d  t h i s  
i s  o f  c o u r s e  t r u e  f o r  i m m e d i a t e  r e s u l t s  o n  m o s t  o f  t h e  w o r n  s o i l s  
o f  t h e  e~stern a n d  s o u t h e r n  s t a t e s ,  w h e r e  f e r t i l i z e r s  a r e  m o s t  
u s e d .  
3 .  S o m e  w h o  u n d e r s t a n d  t h a t  r a w  r o c k  p h o s p h a t e  c a n  b e  
u s e d  m o r e  e c o n o m i c a l l y  t h a n  o t h e r  f o r m s  o f  p h o s p h o r u s ,  i n  c o n ­
n e c t i o n  w i t h  d e f i n i t e  s y s t e m s  o f  s o i l  i m p r o v e m e n t  c o n t i n u e d  y e a r  
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after year, are of the opinion that :farmers do not and will not 
look beyond the first year's results, and that the only practical 
method of dealing with the farmer is to furnish him small 
amounts of readily available plant food which will perhaps "give 
his crop an extra start in the spring and enable it to draw more 
heavily upon the soil than it otherwise would, thus using in the 
one crop more plant food toan was applied in the fertilizer. 
Such a system appears to be profitable for the year, but in most 
cases it leaves the lana poorer than at the beginning, so that 
ultimately the system of using small amounts of acid phosphate 
or so-called complete fertilizer tends toward land ruin. 
4. Some men of large financial interests, who could wield 
large influence for good, evidently do not appreciate the fact that 
the greatest material problem of 'the United States is to bring 
about the general adoption of systems of farming under which the 
farm lands of this country will grow more productive, and that 
upon this depends the future success of every other important 
industry and the ultimate welfare of ourselves and our children. 
In conclusion it should be said that no man or set of men should 
be allowed to control absolutely the great phosphate deposits of 
the United States. They constitute the key to permanent agri­
culture on ~ll of the normal valuable agricultural lands of this 
country. We are already exporting a million tons of this material 
annually, for which we receive at the mine not more than six mil­
lion dollars, while the additional corn that could ultimately be 
grown if that quantity of phosphate were applied to our own 
soils would be worth at least six hundred million dollars. Further­
more, when the phosphate is once applied to our soils it can be 
removed in crops and largely returned again to the soil in green 
manures, in farm manure, in bone meal, tankage, and other pro­
ducts, and thus used over and over again. 
Phosphorus is already the element that limits crop yields on 
those great soil areas in the corn belt, in the wheat belt, and in 
the cotton belt, which are producing and .must produce the 
great bulk of the crops required to feed and clothe the Ameri­
can people; and, in the conservation of our natural resources, 
the first duty of the United States is to insure not the conser­
vation but the preservation of the fertility of these soils, which 
constitute our only protection against famine. 
The supply of nitrogen in the air is absolutely inexhaustible; 
and the supply of potassium in all normal soils is also practically 
inexhaustible (potassium can also be recovered if necessary from 
the ocean's inexhaustible supply); and our deposits of limestone 
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a r e  s u r e l y  i n e x h a u s t i b l e ;  w h e r e a s ,  o u r  t o t a l  s u p p l i e s  o f  p h o s p h o r u s  
a r e  e x t r e m l y  l i m i t e d ,  n o t  o n l y  i n  o u r  m o s t  i m p o r t a n t  s o i l s ,  b u t  
a l s o  i n  o u r  n a t u r a l  p h o s p h a t e  deposit~, a n d  p h o s p h o r u s  i s  n o t  c o n ­
t a i n e d  i n  t h e  a i r  o r  i n  t h e  s e a .  A c c o r d i n g  t o  t h e  r e p o r t  o f  t h e  
N a t i o n a l  C o n s e r v a t i o n  C o m m i s s i o n ,  p r e s e n t e d  t o  t h e  C o n f e r e n c e  
o f  G o v e r n o r s  a n d  S t a t e  C o n s e r v a t i o n  C o m m i s s i o n e r s ,  a t  W a s h ­
i n g t o n ,  o n  D e c e m b e r  9 ,  1 9 0 8 ,  t h e  t o t a l  s u p p l y  o f  h i g h - g r a d e  p h o s ­
p h a t e  r o c k  i n  t h e  U n i t e d  S t a t e s  w i l l  b e  e x h a u s t e d  w i t h i n  f r o m  2 5  
t o  5 0  y e a r s .  A f t e r  t h a t  w e  m u s t  d r a w  o n " o u r  m o r e  o r  l e s s e x t e n ­
s i v e  l o w - g r a d e  d e p o s i t s .  
A l r e a d y  s o m e  o f  o u r  m o s t  e x t e n s i v e  h i . g h - g r a d e  d e p o s i t s  a r e  
s a i d  t o  b e  c o n t r o l l e d  b y  t h e  F r a n c o - A m e r i c a n  P h o s p h a t e  C o m ­
p a n y ,  w h o s e  c h i e f  i n t e r e s t  i s  e v i d e n t l y  i n  t h e  e x p o r t a t i o n  o f  t h i s  
t r e m e n d o u s l y  i m p o r t a n t  a n d  a b s o l u t e l y  n e c e s s a r y  n a t u r a l  r e ­
s o u r c e ,  t h e  c o n s e r v a t i o n  o f  w h j c h  i s  o f  t h e  g r a v e s t  a n d  m o s t  f a r ­
r e a c h i n g  c o n s e q u e n c e  t o  t h e  U n i t e d  S t a t e s .  
A c c o r d i n g  t o  t h e  s t a t i s t i c s  p u b l i s h e d  b y  t h e  U n i t e d  S t a t e s  
G e o l o g i c a l  S u r v e y  t h e  t o t a l  q u a n t i t y  o f  p h o s p h a t e  r o c k  m i n e d  i n  
t h e  U n i t e d  S t a t e s  d u d n g  t h e  y e a r  1 9 0 7  w a s  2 , 2 6 5 , 3 4 3  t o n s ,  a n d  
t h e  t o t a l  v a l u e  o f  t h i s  a t  t h e  p o i n t s  o f  s h i p m e n t  w a s  $ 1 0 , 6 5 3 , 5 5 8 .  
T h u s ,  a c c o r d i n g  t o  t h e s e  G o v e r n m e n t  f i g u r e s  f o r  b o t h  q u a n t i t y  a n d  
v a l u e ,  t h e  p h o s p h a t e  w a s  w o r t h  a s  a n  a v e r a g e  $ 4 . 7 0  p e r  t o n  o f  
2 , 2 4 0  p o u n d s ,  o r  $ 4 . 2 0  p e r  t o n  o f  2 , 0 0 0  p o u n d s .  I t  s h o u l d  b e  u n ­
d e r s t o o d ,  t o o ,  t h a t  m o s t  o f  t h e  h i g h e s t  g r a d e  r o c k  i s  e x p o r t e d .  
T h e  G o v e r n m e n t  r e p o r t  s h o w s  t h a t  d u r i n g  t h e  t w e l v e  m o n t h s  
e n d i n g  w i t h  J u n e ,  1 9 0 8 ,  t h e  q u a n t i t y  o f  p h o s p h a t e  r o c k  e x p o r t e d  
f r o m  t h e  U n i t e d  S t a t e s  w a s  1 , 1 8 0 , 2 8 0  t o n s ,  a n d  t h a t  t h e  t o t a l  v a l u e  
o f  t h i s  o n  s h i p  b o a r d  a t  p o i n t s  o f  s h i p m e n t  w a s  $ 9 , 4 0 7 , 9 6 1 ,  o r ,  a s  
a n  a v e r a g e ,  $ 7 . 9 7  p e r  t o n  o f  2 , 2 4 0  p o u n d s ,  o r  $ 7 . 1 2  p e r  t o n  o f  
2 , 0 0 0  p o u n d s .  T h e  e x p o r t  r o c k  c o n t a i n s ,  a s  a  r u l e ,  1 4  p e r c e n t  o r  
m o r e  o f  t h e  e l e m e n t  p h o s p h o r u s ,  c o r r e s p o n d i n g  t o  7 0  p e r c e n t  o f  
s o - c a l l e d '  ' b o n e  p h o s p h a t e  o f  l i m e . "  
,  I n  t h e  i n t e r e s t  o f  t h e  w h o l e  p e o p l e ,  T h e  U n i t e d  S t a t e s  G o v ­
e r n m e n t  s h o u l d  n o t  d o  l e s s  t h a n  t o  r e s t r i c t  t h e  a . n n u a l  e x p o r t a t i o n  
t o  o n e  m i l l i o n  t o n s ' w i t h  a  g r a d u a l  r e d u c t i o n  o f  p e r h a p s  o n e - h u n ­
d r e d  t h o u s a n d  t o n s  a  y e a r ,  s o  t h a t  a l l  e x p o r t a t i o n  w o u l d  b e  p r o ­
h i b i t e d  a t  t h e  e n d  o f  t e n  y e a r s ;  a n d  t h e  p h o s p h a t e  i n d u s t r y  i n  
t h i s  c o u n t r y  s h o u l d  a l s o  b e  u n d e r  s u f f i c i e n t  g o v e r n m e n t a l  c o n t r o l  
t o  p r e v e n t  e x o r b i t a n t  p r i c e s ,  i n  o r d e r  t h a t  l a n d o w n e r s  m a y  b e  e n ­
c o u r a g e d  t o  a p p l y  m o r e  p h o s p h o r u s  t o  t h e i r  l a n d  t h a n  i s  r e m o v e d  
i n  c r o p s ,  s o  t h a t  A m e r i c a n  s o i l s  m a y  g r o w  r i c h e r  a n d  n o t  p o o r e r  
i n  t h i s  e s s e n t i a l  e l e m e n t ,  w h i c h  i s  t h e  m a s t e r  k e y  t o  o u r  c o n t i n u e d  
n a t i o n a l  p r o s p e r i t y ,  f o r  w i t h o u t  a g r i c u l t u r e  A m e r i c a  c a n n o t  l i v e  
a n d  p r o s p e r .  
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For more detailed information concering crop yields from dif­ferent methods of soil treatment on Illinois soil experiment fields,
comparative value of steamed bone meal and raw rock phosphate,
the use of ground limestone, potassium salts, crop rotations, leg­
ume catch crops, farm manure, etc., see Bulletins 99, 115, 123 and125 and Circulars 97, 108 and 116. These will be sent free of
charge upon application to Director E. Davenport, AgriculturalExperiment Station, Urbana, Illinois; and if requested the appli­
cant's name will be placed upon the permanent mailing list for
subsequent publications. 
NOTES 
NATURAL ROCK PHOSPHATE 
Fine-ground raw rock phosphate, containing from 10 to 14 percent ofphosphorus, can be obtained from the Mt. Pleasant Fertilizer Co., Mt.Pleasant, Tenn.; from Robin Jones, Nashville, Tenn.; from the N. Y. & St.L. Mining & Mfg. Co. , St Louis Mo.; from the Swan Creek Phosphate Co.,Chicago, Ill.; from the Jackson Phosphate Co., Mt). Pleasant, Tenn.; fromthe Farmers Ground Rock Phosphate Co., Mt. Pleasant, Tenn.; from JohnRuhm, Jr., Mt. Pleasant, Tenn.; from H. D. Ruhm & Co., Mt. Pleasant,Tenn.; or from W. B. Alexander & Co., Mt. Pleasant Tenn.; deliver.ed inbulk on board cars at the mines in Tennessee for $2.50 to $5.00 per ton, theprice varying with the quality. The freight rate from Tennessee per ton
of 2000 pounds in carload lots varies from $2.50 to pOints in Southern Illi­
nois, to $3.58 to northern Illinois points. Of course, these addresses aregiven solely as a matter of information, but the Experiment Station makes
no recommendations or guarantees as to reliability.
It should be borne in mind that rock phosphate varies much in quality.Consequently it should always be purchased upon a guaranteed analysis,
and it is ad visable for the purchaser to take an average sample of the car­load when received and have it analyzed, even though it cost him $2.00 or$3.00 for the analysis. To collect an average sample, take a small teaspoon­ful from about tifty different places in the ear, not only from the surfacebut also from different depths. These fifty spoonfuls well mixed together
will make a trustworthy sample, and about one pound of this should be
sent to some commercial chemist for analysis.
Sometimes the phosphate company and the purchaser agree upon some
analytical chemist, and the sample is collected by the chemist or his agentjust before the car is sealed, the report of the chemist being sent to bothparties; and the agreement may be made so that the purchaser withholdspart payment until he recei ves the chemist's report.
If 12t percent rock, containing 250 pounds of phosphorus per ton, costs$7.50 (including freight), then 10 percent rock, containing 200 pounds of the
element per ton, is worth $6.00, a difference in value of $1.50 per ton, which
amounts to $4-5 on a 30-ton car of rock phosphate.
The important phosp.horus compound in rock phosphate is calciumphosphate, Cas (P04) 2. The percentage of this compound in the rock'phosphate marks the purity of the rock. Thus, if the rock phosphate con­
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t a i n s  6 0  p e r c e n t  o f  c a l c i u m  p h o s p h a t e ,  i t  i s  6 0  p e r c e n t  p u r e ,  w i t h  4 0  p e r c e n t  
o f  i m p u r i t i e s .  
T h e  n a t u r a l  r o c k  p h o s p h a t e  d e p o s i t s  n o w  b e i n g  m i n e d  v a r y  f r o m  a b o u t  
5 0  p e r c e n t  t o  7 0  p e r c e n t ,  a n d  w e  c o n s i d e r  6 2 t  p e r c e n t  a s  a  g o o d  a v e r a g e  
g r a d e .  T h e  i m p u r i t i e s  c o n s i s t  o f  s a n d ,  s h a l e ,  a n d  o t h e r  e a r t h y  m a t e r i a l s  
n a t u r a l l y  o c c u r r i n g  i n  t h e  p h o s p h a t e  d e p o s i t s .  T h e  c o m p o u n d ,  c a l c i u m  
p h o s p h a t e ,  i s  s o m e t i m e s  c a l l e d  b o n e  p h o s p h a t e ,  b e c a u s e  i t  i s  t h e  p h o s p h o r ­
u s  c o m p o u n d  i n  b o n e ;  i t  i s  a l s o  c a l l e d  H m e  p h o s p h a t e ,  a l t h o u g h  i t  d o e s  n o t  
c o n t a i n  l i m e  a s  s u c h  a n d  h a s  b u t  l i t t l e  p o w e r  t o  c o r r e c t  s o i l  a c i d i t y ;  a n d  i n  
t h e  w h o l e s a l e  t r a d e  t h i s  c o m p o u n d  i s  c a l l e d  " b o n e  p h o s p h a t e  o f  l i m e "  ( B .  
P .  L . ) .  I t  i s  i m p o r t a n t  t o  k n o w  t h a t  t h i s  c o m p o u n d  i t s e l f  i s  a b s o l u t e l y  
c o n s t a n t  a n d  a l w a y s  c o n t a i n s  e x a c t l y  2 0  p e r c e n t  o f  t h e  e l e m e n t  p h o s p h o r u s ,  
s o  t h a t  r o c k  p h o s p h a t e  w h i c h  c o n t a i B s  " 6 0  p e r c e n t  B .  P .  L . "  m u s t  c o n t a i n  
1 2  p e r c e n t  o f  p h o s p h o r u s .  
S o m e t i m e s  t h e  g u a r a n t e e - i s  g i v e n  a s  " p h o s p h o r i c  a c i d " ,  m e a n i n g  phos~ 
p h o r i c  o x i d e ,  P 2  O s .  T h i s  a l s o  i s  a  d e f i n i t e  c o m p o u n d  a n d  a l w a y s  c o n t a i n s  
4 3 t  p e r c e n t  o f  t h e  e l e m e n t  p h o s p h o r u s .  T h u s ,  i t  w i l l  b e  s e e n  t h a t  t h e  
s a m e  s a m p l e  o f  r o c k  p h o s p h a t e  m a y  b e  g u a r a n t e e d  t o  c o n t a i n  6 2  p e r c e n t  o f  
c a l c i u m  p h o s p h a t e ,  C a s  ( P 0
4
)  2 ,  o r  2 8 . 4  p e r c e n t ' o f  " p h o s p h o r i c  a c i d "  C P 2  O s ) ,  
o r  1 2 . 4  p e r c e n t  o f  p h o s p h o r u s  ( P ) .  
R a w  r o c k  p h o s p h a t e  s h o u l d  b e  v e r y  f i n e l y  g r o u n d ,  s o  t h a t  a t  l e a s t  8 0  
p e r c e n t  o f  t h e  m a t e r i a l  c a n  b e  w a s h e d  t h r o u g h  a  s i e v e  w i t h  1 0 0  m e s h e 3  t o  
t h e , l i n e a r  i n c h ,  o r  w i t h  1 0 , 0 0 0  m e s h e s  t o  t h e  s q u a r e  i n c h .  A n y o n e  c a n  t e s t  
f o r  f i n e n e s s  b y  s i f t i n g  1 0  o u n c e s  a n d  t h e n  d r y i n g  a n d  w e i g h i n g  w h a t  w i l l  
n o t  p a s s  t h r o u g h  t h e  s i e v e .  
A s  a  r u l e  i t  i s  m o s t  s a t i s f a c t o r y  t o  p u r c h a s e  i n  b u l k  r a t h e r  t h a n  i n  b a g s  
( s e e  C i r c u l a r  N o .  1 1 0 ,  p a g e  1 5 ) .  
B O N E  M E A L  
A  g o o d  g r a d e  o f  s t e a m e d  b o n e  m e a l  ( a b o u t  1 2 t  p e r c e n t  p h o s p h o r u s )  c a n  
b e  o b t a i n e d  d e l i v e r e d  i n  I l l i n o i s  f o r  a b o u t  $ 2 5 . 0 0  a  t o n ,  f r o m  t h e  l o c a l  a g e n t s  
o f  M o r r i s  &  C o . ,  S w i f t  &  C o . ,  t h e  A m e r i c a n  G l u e  C o . ,  o r  t h e  P a c k e r ' s  F e r t i ­
l i z e r  A s s o c i a t i o n ,  C h i c a g o ,  I l l . ,  o r  f r o m  M i c h i g a n  C a r b o n  W o r k s ,  D e t r o i t ,  
M i c h .  
P O T A S S I U M  S A L T S  
P o t a s s i u m  c h l o r i d  ( s o - c a l l e d  " m u r i a t e  o f  p o t a s h " ) ,  c o n t a i n i n g  a b o u t  4 2  
p e r c e n t  o f  p o t a s s i u m ,  c a n  b e  o b t a i n e d  f o r  a b o u t  $ 5 0 . 0 0  a  t o n  f r o m  A r m o u r  
&  C o . ,  U n i o n  S t o c k  Y a r d s ,  C h i c a g o ,  I l l . ,  f r o m  A .  S m i t h  &  B r o . ,  T a m p i c o ,  
I l l . ,  o r  f r o m  A m e r i c a n  A g r i c u l t u r a l  C h e m i c a l  C o . ,  N e w  Y o r k ,  N .  Y .  a n d  
k a i n i t ,  c o n t a i n i n g  a b o u t  1 0  p e r c e n t  o f  p o t a s s i u m  i n  t h e  f o r m  o f  p o t a s s i u m  
s u l f a t e ,  t o g e t h e r  w i t h  s o m e  m a g n e s i u m  s u l f a t e ,  m a g n e s i u m  c h l o r i d ,  a n d  
s o d i u m  c h l o r i d ,  c a n  a l s o  b e  o b t a i n e d  f r o m  A r m o u r  &  C o . ,  a n d  f r o m  D a r l i n g  
&  C o . ,  C h i c a g o ,  I l l . ,  f o r  a b o u t  $ 1 5 . 0 0  a  t o n .  
G R O U N D  L I M E S T O N E  
G r o u n d  l i m e s t o n e  c a n  n o w  b e  o b t a i n e d  a t  6 0  c e n t s  a  t o n ,  ( 7 5  c e n t s  i n  
b a g s ,  t o  b e  r e t u r n e d  a t  p u r c h a s e r ' s  r i s k )  f r o m  t h e  S o u t h e r n  I l l i n o i s  P e n i ­
t e n t i a r y ,  M e n a r d ,  I l l . ,  a n d  a t  d i f f e r e n t  p r i c e s  f r o m  C a s p e r  S t o l l e  Q u a r r y  &  
C o n t r a c t i n g  C o . , S t . L o u i s , M o . ,  ( q u a r r y  a t S t o l l e , I l n ;  S o u t h w e s t e r n  C o n t r a c t ­
i n g  &  E n g i n e e r i n g  C o . ,  E a s t  S t .  L o u i s ,  I l l . ,  C r y s t a l  C a r b o n a t e  L i m e  C o . ,  
E l s b e r r y ,  M o . ,  C a r t h a g e  S u p e r i o r  L i m e s t o n e  C o . ,  C a r t h a g e ,  M o . ,  M i t c h e l l  
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Lime Co., Mitchell, Ind. Some of these companies furnish fine-ground lime­
stone and some furnish limestone screenings, which include both very fine­dust and some coarser particles even as large as wheat 2"rains. In carloadlots the price on board ears at the plant varies from 50 cents to $1.00 a ton
according to the' q.neness. The freight charges will vary from 50 cents orless to $1.50 or more, depending upon the distance. At most points inSouthern Illinois the cost delivered in bulk in box cars should be between$1.00 and $2.00 a ton. The quickest action will be secured by using the fine­
est material and mixing it most thoroly with the soil, but sometimes one
can get one and one-half tons of material containing one ton of fine dust
and half a ton of coarser particles, varying in size from less than pin headsto wheat grains, at no greater expense than would be required for one ton
of fine-ground stone containing no coarser particles. 
